We have previously employed the cytosine-5-DNA methyltransferase (MTase), M.SssI, as a probe for chromatin architecture in intact cells. Although M.SssI offers the highest resolution of any currently available MTase, the difficulty in establishing stable, methylationpositive strains poses a barrier to its general utility as a chromatin probe. We describe a simple screen for M.SssI-expressing strains that eliminates the purification of PCR products amplified from bisulfite-treated DNA, use of radioisotopes, polyacrylamide sequencing gel electrophoresis, and autoradiography. The high throughput of the method now makes it feasible to introduce M.SssI into a variety of wild-type and mutant genetic backgrounds.
Genetic studies in Saccharomyces cerevisiae have led to the isolation of numerous mutants that affect cellular components involved in chromosome function. Utilizing this extensive genetic resource in structural studies could significantly enhance our understanding of genome structure/function. The expression of DNA MTases in yeast, e.g., M.SssI which methylates cytosine in CG sites, is a particularly promising approach for obtaining structural insights from genetic mutants. First, because the genome of yeast is naturally unmethylated, patterns of de novo methylation can be determined unequivocally and used for mapping positioned nucleosomes and specific protein-DNA interactions (1) . Second, methylation can be detected by a novel, PCR-based strategy (2) that permits one to work with small sample sizes, making it practical to analyze the chromatin structure in many mutants simultaneously. Third, since the preparation of nuclei is avoided, MTases offer the ability to study chromatin structure in mutants where labile complexes could potentially be lost and hence are not amenable to biochemical study.
It would be advantageous if one could readily introduce M.SssI into a variety of strains, however, in practice, this is difficult to accomplish. To ensure that all cells express M.SssI, the MTase expression vector is integrated as a single-copy. During transformation, aberrant recombination often leads to a significant number of colonies that are M.SssI -and this number increases substantially when the recipient strain contains a revertable marker. As only low levels of methylation are produced by M.SssI, even under conditions of maximal expression, total genomic DNA cannot be screened by HpaII digestion. Thus, the only current method for identifying M.SssI + colonies is that of bisulfite genomic sequencing (2) .
To eliminate the majority of time-consuming and costly steps of bisulfite genomic sequencing, we developed a rapid screen, based on methylation-specific PCR (MSP) (3) , that identifies colonies positive for methylation by M.SssI. We selected the GAL1 promoter as the target locus of the screen because it contains a particularly high frequency of CG sites. Yeast cells were inoculated in galactose-containing medium to induce expression of M.SssI, which is under control of GAL1. Total DNA was isolated and processed by bisulfite genomic sequencing as described by Kladde et al. (1) to identify CG target sites that were methylated by M.SssI in vivo (Fig. 1) . A RAD1 deletion had no significant effect on methylation levels or the growth rate of M.SssI + cells (data not shown).
Methylated, and hence accessible, CG sites in GAL1 chromatin were used to develop an MSP screen for detecting in vivo M.SssI activity. Primers in a specific MSP screen must discriminate between bisulfite-treated and -untreated DNA and between methylated and unmethylated DNA (Table 1 ) (3). Primers 3 and 4 in Table 1 , each designed to select for a single, highly methylated CG site ( Fig. 1) , amplified the expected 350 bp product from only bisulfite-treated DNA, but did not discriminate between DNA isolated from M.SssI -and M.SssI + cells. Therefore, a single 3′ G:U mismatch between primer 3 and the deaminated template DNA was not sufficient for specific amplification.
Primers that incorporated multiple CG sites increased the specificity of the amplification. In Figure 2 , when primer 6 was used with either primer 5 or 3, products of the expected sizes of 258 and 350 bp, respectively, were amplified only when DNA was deaminated and methylated in vivo by M.SssI (lanes 4-5 and 9-10). Amplification was specific for methylated DNA as no product was generated with either primer pair in reactions containing DNA isolated from either M.SssI -cells grown in galactose (lanes 2 and 7) or M.SssI + cells grown in glucose (D, dextrose; lanes 3 and 8) that was deaminated. The specific amplification product was also absent when DNA was not treated with bisulfite and was used directly in the MSP reactions (lanes 1 and 6).
We have used this highly specific MSP screen to obtain a variety of new strains that exhibit M.SssI methylation without incidence of false positives. Lately, cells are grown in 5 ml galactose medium overnight to an OD 600 ≥ 2 and the final *To whom correspondence should be addressed. Tel: +1 814 863 0335; Fax: +1 814 863 7024; Email: mpk6@psu.edu Figure 1 . Bisulfite genomic sequencing of the GAL1 promoter. Starter cultures of Saccharomyces cerevisiae were grown overnight in 10 ml YPG (10 g yeast extract, 20 g peptone, 40 g galactose/l) with shaking (300 r.p.m.) at 30_C. The next day, after the culture reached an optical density at 600 nm (OD 600 ) of ∼1, the cells were resuspended in 5 ml of fresh YPG to OD 600 = 1 and incubated for an additional 16 h at 30_C. Total yeast nucleic acid was isolated by the glass bead method (4) except that the RNA was not removed and an additional purification was performed by adding NH 4 OAc to 3 M and incubating for 2 h at 4_C. The insoluble material was pelleted by centrifugation at 14 000 r.p.m. in a microcentrifuge and the nucleic acid was precipitated from the supernatant with isopropanol and resuspended in 50 µl 1.0 mM Tris-HCl (pH 8.0), 0.1 mM EDTA (0.1 TE). Cytosines methylated in vivo were identified by bisulfite genomic sequencing of 16.5 µl each sample exactly as described by Kladde et al. (1) . The PCR amplification from deaminated DNA using primers 1 and 2 (Table 1 ) yields a PCR product of 635 bp. Resolution of the primer extension products on a denaturing 6% polyacrylamide (19:1 acrylamide:bis-acrylamide), 50% urea gel is shown. The GAL1 site of transcription initiation (bent arrow), TATA box, and GAL4 UAS elements (I-IV) are indicated above the gel. Cytosines in CG sites are marked by dots. The positions of annealing of the various MSP primers (Table 1) are given below the gel.
deaminated DNA is assayed with primers 5 and 6. The assay has been used to obtain M.SssI + versions of: wild-type W303 and S288C; strains mutant in TUP1, SSN6, and various subunits of chromatin remodeling complexes; and cells that contain mutations in histone H4. Screening of 6-10 different transformants is usually sufficient to obtain at least two methylation-positive strains. We have also used the assay to screen segregants following sporulation and dissection of hemizygous M.SssI -strains when segregants have the same auxotrophic markers, precluding a simple test for prototrophy. In conclusion, the screen should greatly increase the usefulness of M.SssI for those interested in determining chromatin structure. While the current MSP assay has been developed for M.SssI, primers can be redesigned to set up new screens for additional cytosine-5-MTases that may be discovered in the future. Nucleic acid was isolated (Fig. 1, legend) and was used in 'hot start' PCR (5) either directly (lanes 1 and 6), or after deamination by sodium metabisulfite (lanes 2-5 and 7-10). For hot start PCR, the lower phase contained 12.5 µl of a reaction mixture containing 4.25 µl sterile, deionized distilled water, 1.25 µl 10× Taq buffer (100 mM Tris-HCl, pH 8.3, 500 mM KCl, 30 mM MgCl 2 , 0.5% NP-40, 0.5% Tween 20), 4 µl dNTP mix (2.5 mM each dATP, dCTP, dGTP and dTTP), and 1.5 µl 20 µM each primer. The upper phase reaction mixture, containing 30.25 µl sterile, deionized distilled water, 5 µl 10 Taq buffer, 0.25 µl 5 U/µl Taq polymerase, was layered over a melted Ampliwax PCR Gem 50 wax bead and 2 µl DNA was added. The cycling parameters were: 1 cycle of 94_C for 3 min; followed by 30 cycles of 94_C for 1 min, 60_C for 45 s and 72_C for 1 min; and a final extension cycle of 72_C for 4 min. Samples (10 µl) were electrophoresed on a 1.5% TAE agarose gel and the negative image following staining of the gel with ethidium bromide is shown. PCR reactions in lanes 1-5 contained primers 5 and 6 (Table 1) and those in lanes 6-10 used primers 3 and 6 which should specifically amplify products of 258 and 350 bp, respectively. The DNA size marker (M) is the 310, 281, 271, 234 and 194 bp fragments of φX174 RF DNA digested with HaeIII.
